Electroejaculation has been successfully used for sperm procurement in anejaculatory men desiring fertility. However, electroejaculates typically have normal sperm numbers but poor motility, morphology, and functional deficiencies. Here we report the pregnancy outcome of a series of couples undergoing combined electroejaculation and in-vitro fertilization (IVF) with intracytoplasmic sperm injection (ICSI). In all, 13 couples underwent a total of 18 cycles. The aetiologies of anejaculation included history of retroperitoneal lymph node dissection for testicular cancers, spinal cord injury and psychogenic causes. ICSI was performed on 192 oocytes, resulting in a fertilization rate of 75.5%. A total of 15 embryo transfers were performed using a total of 51 embryos. Clinical pregnancy rate, as defined by positive fetal heart rate(s) using vaginal sonography, was 55.6% per retrieval; implantation rate was 33.3% per embryo. These rates appear to be similar to those obtained in standard IVF for non-male factor infertility, or ICSI for male factor infertility. The use of ICSI for electroejaculates undoubtedly provides these couples with the highest chance of pregnancy.
Introduction
Anejaculatory infertility can result from spinal cord injury, medical conditions (e.g. diabetes mellitus, multiple sclerosis), retroperitoneal lymph node dissection (e.g. for testicular cancer), or psychological conditions. Rectal probe electroejaculation has been an established method for sperm procurement in these anejaculatory men. The success rates in recovering spermatozoa by electroejaculation have been consistently 70-90% (Buch and Zorn, 1993; Ohl, 1993; Chung et al., 1996) . However, a recent review on the use of electroejaculation in treating anejaculatory infertility indicates that electroejaculates usually demonstrate significant degrees of asthenozoospermia and teratozoospermia (Chung et al., 1995) . Furthermore, electroejaculates have been noted to have abnormal functional characteristics (Denil et al., 1992) .
Pregnancy rates using electroejaculates with intrauterine insemination are reported to be~12% per cycle (Chung et al., 1997) . Assisted reproductive technologies such as in-vitro fertilization (IVF) and gamete intra-Fallopian transfer (GIFT) have been utilized to enhance pregnancy rates in this group of patients (Randolph et al., 1990; Toledo et al., 1992; Hovatta and Von Smitten, 1993; Hultling et al., 1995; Dahlberg et al., 1995; Matthews et al., 1996) . The advent of intracytoplasmic sperm injection (ICSI) has revolutionized the treatment of all forms of male factor infertility (Palermo et al., 1995 (Palermo et al., , 1996 . Recently, pregnancies have separately been reported after ICSI was performed using electroejaculates (Hakim et al., 1995; Tucker et al., 1995; Denil et al., 1996; Matthews et al., 1996) or a combination of ejaculates obtained from vibratory and electrical stimulation (Hultling et al., 1997) . This study reports on a series of couples suffering from anejaculatory infertility undergoing combined electroejaculation and ICSI. The effects of semen parameters on fertilization and pregnancy outcome were examined.
Materials and methods

Patients
Between October 1993 and July 1996, 13 couples were treated at the Center for Reproductive Medicine and Infertility at the New York Hospital-Cornell Medical Center, New York, USA, with rectal probe electroejaculation and ICSI. The techniques of ICSI and electroejaculation were reviewed and approved by the Committee on Human Rights of the New York Hospital-Cornell Medical Center. The mean age of the men was 35.4 years (range, 30-42) . The aetiologies for anejaculation included history of retroperitoneal lymph node dissection because of testicular cancer (n ϭ 7), spinal cord injury (n ϭ 1), and psychogenic (n ϭ 5). The female partners, with a mean age of 35.7 (range 30-42) years, all underwent basic infertility evaluations for IVF. All had a normal uterine cavity as determined by hysterosalpingogram prior to ovarian stimulation, all were endocrinologically normal, and for those aged ജ35 years old, random day 3 follicle stimulating hormone (FSH) and oestradiol concentrations were within normal limits. All couples had previously failed at least three intrauterine inseminations using electroejaculates before attempting IVF. None of the male partners had fathered children previously.
Ovarian stimulation
In the majority of the cycles (n ϭ 10), female partners were down-regulated with 1 mg daily s.c. gonadotrophin-releasing hormone agonist (GnRHa) given in the midluteal phase. Subsequent ovarian stimulation was carried out by administering a combination of human menopausal gonadotrophins (HMG, Pergonal; Serono, Waltham, MA, USA) and/or pure FSH (Metrodin; Serono). In six cycles, down-regulation was achieved by 0.5 mg daily s.c. lowdose GnRHa administered in the midluteal phase. In two patients who had a history of hyperstimulation with HMG, midluteal GnRHa (1 mg daily s.c.) was overlapped with the administration of oral contraceptives. Monitoring of follicular sizes and oestradiol concentrations during the stimulation process was performed in the usual fashion in our centre. Human chorionic gonadotrophin (HCG) was administered when criteria for oocyte maturity were met. Transvaginal ultrasound-guided oocyte retrieval was performed 35 h after HCG administration (Davis and Rosenwaks, 1996) .
Electroejaculation procedure
Electroejaculation was performed by using the rectal probe electrode developed by Seager and reported by Bennett et al. (1988) . The urinary bladder was first catheterized and urine was then alkalinized with a pre-operative regimen of sodium bicarbonate, or sodium and potassium citrate prior to electroejaculation; colon voiding was 1855 not performed. For patients with a history of autonomic dysreflexia or high spinal cord lesions, 10 mg of nifedipine was given sublingually 15 min before the procedure as prophylaxis for autonomic dysreflexia. General anaesthesia was induced for all sensate patients, using fentanyl, lidocaine, curare, and propofol. Electrical stimulation was performed in the lateral decubitus position. A 5 cm diameter rectal probe with three electrodes and a temperature sensor was placed against the prostate and seminal vesicles after an initial proctoscopic examination. Electrical stimulation was provided in a sine-wave pattern with an initial amplitude of 5 V and progressively increased at 1 V increments per stimulation every 4-6 s until emission ceased, a maximum voltage of 30 V was obtained, or the rectal temperature was Ͼ39°C. During the entire stimulation, the voltage, current, and temperature of the probe, as well as vital signs of the patient were closely monitored. The antegrade portion of the ejaculate was obtained with the assistance of intermittent manual 'milking' along the perineal and penile urethra. Retrograde ejaculate was retrieved by catheterization of the bladder at the end of the stimulation. Proctoscopy was again performed after electrical stimulation to reevaluate the rectal mucosa.
Semen analysis, classification and selection
Semen concentration and motility were assessed using a Makler counting chamber according to World Health Organization (1992) guidelines. Semen morphology was then assessed by spreading 5 µl of semen or sperm suspension on prestained slides (Testsimplets; Boehringer Mannheim, Mannheim, Germany). Morphological parameters were evaluated and classified according to the strict criteria described by Kruger et al. (1986) .
Sperm selection did not differ from the standard semen preparation for ICSI (Palermo et al., 1993 (Palermo et al., , 1995 . If the sample had Ͼ5ϫ10 6 total motile spermatozoa, and some progressive motility (ജ1%), it was processed by standard swim-up procedure. If the sample did not meet the above criteria, it was washed by centrifugation at 1800 g for 5 min in human tubal fluid (HTF) medium supplemented with 6% human serum albumin (HSA; Plasmanate, Elkhart, IN, USA). The resuspended pellet was layered on a discontinuous density gradient (Percoll; Sigma, St Louis, MO, USA) with three layers (95, 70 and 50%), two layers (95 and 50%), or one layer (95%) and centrifuged at 300 g for 20 min. The 95% fraction containing the spermatozoa was washed twice by adding 4 ml of HTF medium and centrifuged at 1800 g for 5 min. For spermatozoa with 0% motility after processing, the sperm suspension was exposed to a 3 mM solution of pentoxifylline and was washed again. The concentration of the assessed sperm suspension was adjusted to 1-2ϫ10 6 /ml and incubated at 37°C in a gas atmosphere of 5% CO 2 in air. The decrease in sperm quality of the electroejaculates after preparation was expected (as in other poor quality sperm specimens), but because ICSI was being carried out this was relatively unimportant.
Oocyte handling and microinjection procedure
The preparation of oocytes, setting for microinjection, and penetration into the ooplasm involved in the ICSI procedure were as described by Palermo et al. (1993 Palermo et al. ( , 1995 .
Embryological evaluation, luteal supplementation and pregnancy assessment Oocytes were observed 12-17 h after the injection procedure. The integrity of the oocyte cytoplasm and the number and size of pronuclei were noted. By 24 h after fertilization, cleavage of the fertilized oocytes was assessed; for each embryo the number and size of the blastomeres were recorded as well as the percentage of anucleate fragments. Another evaluation of cleavage was performed after an additional 24 h and the embryos were screened to determine those which required assisted hatching (Cohen et al., 1992; Palermo et al., 1995) . Good quality embryos were transferred into the uterine cavity~72 h after the microinjection procedure. The desired number of embryos transferred was three for patients aged 30-34 years, four for those aged 35-39, and up to five for those aged Ͼ39 years. On the day after oocyte retrieval, patients were started on daily i.m. injections of progesterone in oil (50 or 100 mg if the oestradiol concentration on the day after HCG was below or above 2000 pg/ml respectively). If pregnancy occurred, progesterone was continued and an ultrasound examination was performed 5 weeks after retrieval to document the number and viability of pregnancy.
Statistical analysis
Where continuous variables were analysed, an ordinary Student's t-test was used except where underlying distributional properties led to the use of non-parametric methods such as the Wilcoxon rank sum test. Multivariate analysis was used as indicated. P Ͻ 0.05 was considered to be statistically significant. All statistical analyses were carried out using Statistical Analysis System (SAS; SAS Institute, Cary, NC, USA; 1996).
Results
Viable spermatozoa were obtained in the antegrade or retrograde specimens during 18/18 (100%) attempts at electroejaculation. No complications were noted during or after the procedure. A total of 249 oocytes were retrieved, of which 191 were at the metaphase II stage of maturation (76.7%). A total of 192 oocytes were injected, resulting in 145 (75.5%) two-pronuclear (2PN) embryos. When the incidence of fertilization was compared between injection of electroejaculates with normal versus abnormal morphology, no difference was found (Table I ). In these 18 cycles, a total of 51 embryos were transferred in 15 embryo transfer procedures. In three cycles no embryos were transferred; two were due to arrested cleavage and the remaining one was due to the detection of an endometrial polyp during ovarian stimulation, in which case the embryos were cryopreserved. Of the transferred embryos, 29 (56.9%) underwent assisted-hatching. Table II shows the outcome of the 12 pregnant cycles out of 15 embryo transfers. Clinical pregnancy rate (defined by positive fetal heart rate by vaginal sonography) per retrieval was 55.6% (10/18). The implantation rate per embryo was 33.3%. Semen parameters are shown in Table  III and electroejaculates which resulted in pregnancies were compared with ejaculates which did not. Sperm concentration was found to be statistically higher in the former group. Although normal morphology appeared to be higher in the pregnant group, statistical significance was not reached. Table IV compares the cycle characteristics of the pregnant and non-pregnant cycles. The pregnant group had a significantly higher mean oestradiol concentration on the day of HCG and greater number of oocytes were retrieved. However, these groups did not differ in the percentage of mature oocytes retrieved. The percentage of oocytes fertilized by ICSI, the mean number of embryos replaced, mean number of blastomeres per embryo, and percentage of fragmentation were not found to be significantly different between the two groups.
The efficiency of ICSI with electroejaculated spermatozoa was compared with that using ejaculated spermatozoa during the study period at our centre (Table V) . There were no differences seen in the percentage of fertilization, mean number of embryos available for transfer, and clinical pregnancy rate.
Discussion
Electroejaculation is a very efficient method of sperm procurement in anejaculatory men, as indicated by the usual success rate of sperm retrieval of Ͼ90% in experienced centres (Chung et al., 1995) . The large discrepancy between the success rates in sperm recovery and achieving pregnancy is largely due to the poor quality of electroejaculates. Semen parameters of the electroejaculates seen in this series which demonstrated normal to high sperm concentration, low motility and percentage normal morphology, are consistent with previous observations (Buch and Zorn, 1993; Ohl, 1993; Chung et al., 1996) . The aetiology of the asthenozoospermic nature of electroejaculates remains uncertain. Studies investigating the possible effects of prolonged ejaculatory abstinence, the presence of antisperm antibodies, and the thermal and electrical energy generated by the probe on the quality of spermatozoa retrieved have failed to yield any conclusive results.
Functional characteristics of electroejaculates have been examined which showed decreased sperm viability, poor bovine cervical mucus penetration, suboptimal hamster egg penetration, and decreased motility longevity (Denil et al., 1992) . In light of these parameters suggesting compromised sperm function, intrauterine insemination can only offer a 12% pregnancy rate per attempt (Chung et al., 1997) . The emergence of ICSI, however, has dramatically and successfully overcome the functional deficiencies of spermatozoa in male factor infertility of a wide variety of aetiologies (Palermo et al., 1995) . This study describes a series of couples in whom ICSI was performed using ejaculates retrieved by rectal probe electroejaculation from anejaculatory men. ICSI was chosen in this study because of the poor motility of the electroejaculates. The fertilization rate using ICSI was not found to be different in electroejaculates with normal or abnormal morphology. Electroejaculated and ejaculated spermatozoa also demonstrated similar ICSI fertilization and clinical pregnancy rates. These findings are consistent with our previously reported observations that fertilization rates after ICSI appear to be independent of semen characteristics and/or origin (Palermo et al., 1995) . In the analysis of pregnant versus non-pregnant cycles in our series, it was shown that the percentage of oocytes fertilized was not statistically different between the two groups. However, in the non-pregnant group, the age of the females was higher, the mean number of embryos replaced and mean number of blastomeres per embryo were lower, and the percentage of fragmentation was higher. Although none of these parameters achieved statistical significance, the discrepancy in pregnancy rates could have been attributed to intrinsic oocyte and embryo quality.
Although electroejaculation has evolved to become a relatively safe and simple procedure, couples suffering from infertility due to ejaculatory dysfunction will be faced with such important and practical issues while undergoing this 1857 treatment as the frequent requirement of general anaesthesia, the need for ovarian stimulation, the cost of assisted reproductive technologies, and, above all, the emotional stress and expectation associated with achieving a pregnancy. The incorporation of ICSI and IVF into the treatment programme undoubtedly provides these couples with the highest opportunity for pregnancy. Even though sperm dysfunction can be overcome by ICSI, the age of the female partner, as is seen in conventional IVF, continues to be a determinant in terms of pregnancy. The use of cryopreservation of these electroejaculates should be examined in the future to lessen the physical involvement of anejculatory men in subsequent IVF attempts. In conclusion, the combined use of electroejaculation to overcome the barrier of sperm procurement, and ICSI to overcome the functional deficiencies of electroejaculates improves the prognosis of this segment of the population previously thought to be irreversibly infertile.
